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TESTS OF THE NACA 6&1—012 AND GHlAOlQ ATRFOILS

AT HIGH SUBSONIC MACH NUMBERS

By W. F. Lindsey and Milton D, Humphreys
SUMMARY

An Investigation on NACA 6&1—012 and 6hlA012 alrfoils at Mach

. numbers between 0.35 and 0.89 and at low Reynolds numbers indicated that
. the effect of increasing the trailing-edge angle from 9° (NACA 6&1—012)
to 14° (NACA 6414012) was

- (1) Inapprecisble on the Mach numher for normel—force break

(2) To decrease the normal-force—curve slope a
c
_of%

(3) To reduce the effects of compressibility on -

n

(4) To decrease the minimum drag coefficient and to increase
meximim normal—Fforce to dreg ratio.

INTRODUCTION

The ' shape of an airfoll at the trailling edge has been congldered to -
have a large effect upon the aerodynemic characterlstlce encountered at
high subsonic Mach numbers (for example,reference 1). Changes in trailing—
edge angle, however, generglly lnvolved changes 1n other shape parameters;
and, consequently, the effects of ths tralling-edge shape alons were not
determined.

Modifications to the NACA 6-serles airfoil whereby the cusp was
. eliminated (reference 2), permitted trailing—edge angle effects to be
studied on alrfolls having essentlally the same type of pressure distri-—
bution, thereby minimizing effects of other shape parameters. To
determine ths effects of this shape change, an investigation has been
conducted at high subsonic Mach numbers on two l12-percent—thick NACA
bh—series airfoils with and without cusp.

I UNCLASSIFIED
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APPARATUS AND TESTS ' . L

The tests were conducted in the Langley rectangular high-speed
tunnel, an induction—type tunnel wilthout return passeges having an . .
18—inch by Lk—inch test section. The airfoile were mounted to span the
h—inch dimension of the tunnel and were supported by large circular end
plates which mainteined the continunity of the tunnel walls. '

The two airfoils investigated were the NACA 64,-012 and 6kjA012,
having chords of—E% Inches., ZForty-two static-pressure oriflces were

installed in each airfoll near the model center line. The locatliaons of
the orifices and the model contours are shown in figure 1. The ordinates
for each alrfoil are given in table I. DPressure—distribution measure—
ments and wake surveys were made at Mach numbers between 0.35 and 0.89 _
for angles of attack from 0° to 8°. The Mach number range corresponded .. —
approximately to Reynolde number range from.L to 9 X 107,

SYMBOLS
M gtream Mach number o= T
Cn section normal—Fforce coefficlent
cmr/h secticn pliching-moment coeffiglgpt of,. normal force about S F
” quarter—chord locatian - oo o o i =
cq section drag coefficient (determined from wake surveys) .
@ angle of attack F R

TUNNEL-WALL EFFECTS

The data have been corrected for tunnel-constriction gffects by the =
msthods of reference 3. The basic data presented (figs. 2 and 3) do T -
include a serlous constriction effect that occurred near the maximum e
attalnable Mach number for each configuration, that is, around choking, —
and are shown by the dashed portion of the curves in figures 2 and 3. o .
This dashed portion of the curves corresponds to & Mach number increment .
of approximately 0.03, which previous investigations have indicated to be
approximately the extent of Iinfluence of serious chcking . effects. Data oL B
mibject to choking effects are not used In the analysls. .
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- -RESULTS

The varlations of the aerodynamic characteristics with Mach number
at a constant angle of attack represent the basic data and are presented
in figures 2 and 3. The data of figures 2 and 3 have been cross—plotted
to show the variation in normal—force coefflclent wlth angle bf attack
and the varlatlon in moment and drag wlth normsl force in coefficient
form at each of several Mach numbers. The cross—plotted results are
presented in figures 4 and 5. Direct comparisons of the aerodynamic
characteristics of the two airfolls for each of several high subsonic
Mach nunbers are presented in figure 6.

DISCUSSION

Inspection of the basic data (figs. 2(a) and 3(a)) shows that Mach
numbers for the normal—~force break are approximately the same for both
profiles. The Mach number for normal—force recovery (the second normal—
force revarsal) occurs within the region of possible influence of choking
effects and is therefore of questionable value. The drag rise (figs. 2(b)
and 3(b)) occurs at the same Mach numbers for both airfoils within an
increment of 0.03; the values being somewhat higher for the NACA 64 A012
then for the NACA 64,-012.

The characteristics of both airfoils (figs. 4 and 5) show no marked
deviation from the accustomsd effects of compressibility, particularly at
Mach nunbers below 0.75. The differences at the high Mach numbers are
more clearly shown by the direct comparisons of the aerocdynamic charac—
teristice of the two ailrfolls. Inasmuch as the difference between the
two airfolls is fundamentally a change 1n trailing-—edge angle from approxi-—
mately 9° for the NACA 64,-012 airfoil to 14° for the NACA 64,4012 airfoil
(reference 2), the differences in characteristics shown in figure 6 will be
attributed to change in trailling-edge angle.

The increase in tralling—edge angle resulted in a decrease in normal—
force—curve slope throughout the angle of attack and Mach number ranges
(fig. 6(a)). The decrease in slope is in agreemsnt with the results of
reference 2 obtained at low gpeeds and high Reynolds numbers.

The effect of tralling—edge angle on moment depended upon the rangs
of angles of attack or normal—force coefficlent concernsd. At normal-—
force coefficlent less then 0.2, the rate of change of moment coefflcient
with normal force became positive at high Mach numbers for both alrfolls.
The NACA 647012 airfoil having the 9° trailing-edge angle had larger values of
W fy |
——/  +than did the other airfoil. At normal—force coefficilents greater

dey
than 0.3, o/t tended to become negatlve for both airfolls., The

C
a.Cn
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effect of compreseibility on thls trend was more severe for the airfoil
having the 9° tralling—edge angle.

The comparison of the 8olars for the two airfoils (fig. 6(b)) shows
that the airfoil having a 14° (NACA 6k4,A012) trailing—edge angle had lower
draeg in the low normal—-force coefficlent range and consequently, higher
maximum ratios .of normal force to drag.

CONCLUSIONS

The present investigation on NACA 6&1—012 and 6hlA012 airfoils,
tralling—edge angles of 9° and 14°, respectively, at Mach numbers
between 0.35 and 0.89 and low Reynolds numbers indicates the following
concluslions:

1. Increasing the trailing—edge angle from 9° to 140 had an
inappreciable effect on the Mach number for normal-force bresak.

2. The hlghest normel—force—curve slopes were obtained at all Mach
numbers with the alrfoil having the 9° trailing—edge angle.

3. The effects of compréssibility on the varilation of momsnt
coefficient with normal-—force coefficiant were decreased by Increasing
the tralling—edge angle from 9° to 14°,

4. A favorable effect on minimum drag snd maximum ratic of normal
force to drag was obtalned by increasing the trelling-edge angle.

Lengley Memorial Aeronauntical Laboratory
National Advisory Committee Ffor Asronautics
Langley Fleld, Vsa.
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TABLE I.— ORDINATES OF ATRFOILS

[?tations and ordinates in percent of wing chor@]

NACA 64,012

NACA 61444012

Upper or lower Upper or lower
Station surface ordlnate Station surface ordinate
0 0 0 0
5 .978 .5 .961
TS 1.179 T5 1.158
1.25 1.490 1.25 1.464
2.5 2.035 2.5 2.018
5.0 2.810 5.0 2,788
7.5 3.394 7.5 3.364
10.0 3.871 10.0 3.839
15.0 4,620 15.0 4.580
20.0 5.173 20.0 5.132
25,0 5.576 25.0 5.534
30.0 5. 8k 30.0 5.809
35.0 5.978 35.0 5.965
40.0 5.981 40.0 5.993
45.0 5.798 5.0 5.863
50.0 5.480 50.0 5.605
55,0 5.056 55,0 5,244
60.0 k.548 60.0 4.801
65.0 3.97h 65.0 L.289
T0.0 3.350 70,0 3.721
75.0 2,695 75.0 3.118
80.0 2.029 80.0 2.500
85.0 1.382 85.0 1.882
90.0 . 786 90.0 1.263
95.0 .288 95.0 Nainn
100.0 0 100.0 .025
] L.E. redius: 0.994
L.E. radius: 1.040 redius: 0,028

T.E.

-
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NACA 64A012 airfoil
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Figure 1.- Airfoil proflles and static-pressure-orifice locations,
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(a) Normal-force characteristics.

Figure 2.- Effect of compressibility on section aerodynamic

characteristics of NACA 641-012 airfoil,
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(b) - Drag characteristics.
Figure 2,- Continued,
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Figure 3.- Effect of compressibility on section aerodynamic

characteristics of the NACA 641AO 12 airfoil.
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Figure 3.- Continued.
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Figure 5.~ Section characteristics for NACA 641A012 airfoil at
constant Mach number.
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